Previous studies suggest the importance of understanding what factors increase risk of lack of physical activity (PA) prior to bariatric surgery, which may increase risk of suboptimal postoperative outcomes. Therefore, the current study sought to explore which Minnesota Multiphasic Personality Inventory-2-Restructured Form (MMPI-2-RF) scales were associated with lack of pre-surgical PA. The mean age of the sample (N = 1170) was 45.97 years [standard deviation (SD) = 11.59]. Bivariate correlations and relative risk ratios were utilized to examine associations between MMPI-2-RF scale scores and regular preoperative PA. Of the ten hypothesized associations, seven MMPI-2-RF scales in the internalizing and somatic domains were associated with increased risk of preoperative lack of PA. Interventions designed to increase levels of preoperative PA are especially important because individuals with higher levels of preoperative cardiorespiratory fitness experience less complications in surgery and greater weight loss postoperatively.
2016; Mechanick et al., 2013; Sogg, Lauretti, & West-Smith, 2016) .
One such risk factor involves lack of preoperative physical activity (PA). Higher levels of cardiorespiratory fitness and/or increases in PA levels prior to bariatric surgery are associated with reduced risk of surgical complications, shorter operative times, and improved healing and recovery following bariatric surgery (King & Bond, 2013; King et al., 2008; McCullough et al., 2006; Zunker & King, 2012) . Further, research has demonstrated that patients who exercise pre-and postoperatively lose more weight after surgery than those who do not, and preoperative PA independently predicts greater postoperative PA and long-term weight loss maintenance (Bond et al., 2010; King & Bond, 2013; King et al., 2008; Peacock, Sloan, & Cripps, 2014) . In addition to positive effects on weight loss, regular PA also contributes to regulating depression-and anxiety-related symptoms, improves body composition, and maximizes fat loss (King & Bond, 2013; King et al., 2008) . Although pre-and postsurgical exercise is associated with enhanced long-term surgical outcomes, typically, exercise habits are not addressed as a component of candidates' pre-surgical evaluations (Peacock & Zizzi, 2011) . For example, of the 123 bariatric surgery sites reviewed, Peacock and Zizzi (2011) found that only two required postsurgical consultations with an exercise physiologist or other exercise professional.
There are several reasons why evaluation of and counseling on exercise levels should be prioritized during bariatric surgery candidates' preoperative evaluations rather than waiting until after surgery. First, many candidates perceive several motivational, physical, and environmental barriers to starting or increasing exercise (Peacock et al., 2014; Wouters, Larsen, Zijlstra, van Ramshorst, & Geenen, 2011) , which are likely to persist after surgery if not addressed in the preoperative phase (King & Bond, 2013; Zunker & King, 2012) . Along these lines, patients may be highly motivated prior to surgery and therefore particularly receptive to encouragement and advice on how to make positive behavior changes (King & Bond, 2013; Zunker & King, 2012) . Additionally, initiation of or increases in PA prior to surgery reliably predict higher levels of postoperative PA (Zunker & King, 2012) . Therefore, an investigation of predictors of preoperative PA is warranted, as these predictors may be useful in guiding psychological assessments of bariatric candidates.
Pre-surgical psychological evaluations of bariatric surgery candidates have become standard practice at 90% of bariatric surgery sites and typically consist of both a clinical interview and self-report questionnaires (De Luca et al., 2016; Mechanick et al., 2013; Peacock & Zizzi, 2011) . Although specific assessment procedures vary across centers, most mental health professionals administer formal psychological testing as a component of these evaluations (Walfish, Vance, & Fabricatore, 2007) . One such standardized psychological test that has shown burgeoning use for predicting relevant outcomes among bariatric surgery candidates is the Minnesota Multiphasic Personality Inventory-2-Restructured Form (MMPI-2-RF; . The MMPI-2-RF is a widely used psychological test made up of 338 items scored on 51 scales. Scores on these scales have been shown to be reliable and valid when used in bariatric surgery settings (Marek et al., 2013; Tarescavage et al., 2013) . The MMPI-2-RF contains substantive scales that measure five fundamental domains: internalizing, externalizing, thought dysfunction, interpersonal functioning, and somatic/cognitive complaints. Of these, the internalizing and somatic/cognitive domains are of particular interest for PA research, given prior research indicating that internalizing psychopathology and somatic/cognitive complaints are associated with greater perceived barriers to PA (Peacock et al., 2014; Schuch et al., 2017; Vancampfort et al., 2016; Zabatiero et al., 2016) .
Several constructs measured by scales from the MMPI-2-RF internalizing domain have been linked to lack of PA and/or poor health outcomes. Demoralization measures an individual's overall dissatisfaction and unhappiness with their lives , which is implicated in several medical conditions and mood disorders (Sansone & Sansone, 2010) . Low positive emotions have been shown to be associated with lack of energy , which may impede exercise motivation. Relatedly, high scores on Malaise, a scale in the somatic/ cognitive domain, are also associated with low energy. Specifically, due to excess weight, bariatric candidates often experience high levels of malaise and bodily pain, which act as barriers to exercise (Peacock et al., 2014; Zabatiero et al., 2016) .
Elevations on Dysfunctional Negative Emotions characterize high levels of anxiety, which have been associated with physical inactivity (Bonnet et al., 2005) . Feelings of helplessness and hopelessness (measured by Helplessness/ Hopelessness), beliefs that one is inefficacious and indecisive (measured by Inefficacy), and low self-confidence in one's abilities (measured by Self-Doubt) are also linked with lack of PA (King & Bond, 2013; Knapen, Vancampfort, Morien, & Marchal, 2015; Piana et al., 2013; Thomas, Hyde, Karunaratne, Kausman, & Komesaroff, 2008) . Finally, constructs measured by scales in the internalizing domain that assess more specific manifestations of feelings of anxiety, including insecurity, fear, and/or worry (i.e., Stress/Worry and Anxiety) may be associated with lack of exercise, given that obese individuals may be stigmatized for their weight and as a result, may feel too self-conscious, hesitant, or anxious to exercise in public (McIntosh, Hunter, & Royce, 2016; Wiklund, Olsen, & Willen, 2011) .
Past research has demonstrated associations between MMPI-2-RF scales and health-related behaviors in bariatric surgery settings and primarily supports links between internalizing constructs and somatic complaints, and lack of PA (Bonnet et al., 2005; King & Bond, 2013; Marek, BenPorath, & Windover, 2013; McIntosh et al., 2016; Peacock et al., 2014; Schuch et al.,2017; Speck, Bond, Sarwer, & Farrer, 2014; Wiklund et al., 2011; Zabatiero et al., 2016) . Thus, associations between MMPI-2-RF scale scores and regular exercise were examined.
Based on the literature previously reviewed, it was hypothesized that higher scores on several scales in the Emotional/Internalizing Dysfunction domain would be associated with lack of preoperative PA, as well as predictive of increased risk of lack of a regular exercise program (King & Bond, 2013; Knapen et al., 2015; McIntosh et al., 2016; Piana et al., 2013; Thomas et al., 2008; Wiklund, et al., 2011) . Scales hypothesized to be associated with lack of preoperative PA and increased risk of lack of PA included: Emotional/Internalizing Dysfunction (EID), Demoralization (RCd), Low Positive Emotions (RC2), Dysfunctional Negative Emotions (RC7), Helplessness/Hopelessness (HLP), Inefficacy (NFC), Self-Doubt (SFD), Stress/Worry (STW), and Anxiety (AXY). Further, it was hypothesized that high scores on Malaise (MLS), a scale assessing low energy and fatigue, would be associated with lack of regular exercise, given that bariatric surgery candidates report above-average scores on this scale compared to a normative group (Marek et al., 2013) . Notwithstanding these hypothesized associations, we explored the relationships between all MMPI-2-RF substantive scales and PA.
Methods

Sample
All data were collected between 2008 and 2012. The overall sample included 1268 individuals seeking bariatric surgery at the Cleveland Clinic who produced valid MMPI-2-RFs based on recommendations set forth in the test manual (VRIN-r < 80T, TRIN-r < 80T, F-r < 120T, Fp-r < 100T; . As part of their standard pre-surgical evaluation, patients completed a semi-structured psychiatric interview and were administered the MMPI-2-RF. Individuals with valid (n = 1268) and invalid protocols (n = 43) did not significantly differ in terms of age, gender, or race (p's > .48). Individuals who produced invalid protocols had significantly less years of education than individuals with valid protocols (t = 2.93, p = .003, Cohen's d = .39). After excluding those with missing values for the regular exercise variable (n = 98), the final sample included 1170 individuals.
Seventy-two percent of patients were women, and 28% were men. Their mean age was 45.97 years [standard deviation (SD) = 11.59 years]. The majority identified as Caucasian (65%), with 24% reporting as African American, 2% as Latino, 0.2% as Asian, and 9% as other or unknown. Patients reported an average of 13.90 years of education (SD = 2.52). At intake, the average BMI of patients was 49.17 kg/m 2 (SD = 10.99). At preoperative assessment, 57% of patients had "no" regular exercise program, whereas 43% indicated having a regular exercise program.
Measures
Patients reported basic demographic information at intake into the bariatric surgery program and based on their selfreport, whether the patient reported following a regular exercise program (coded as yes/no) was entered into the database. Specifically, during the semi-structured interview, candidates were asked "Do you engage in any kind of exercise?" If answered "yes", the candidate was coded as having a regular exercise program, regardless of frequency, duration, or type of exercise.
The MMPI-2-RF ) is a widely used psychological test made up of 338 items scored on 51 scales. The MMPI-2-RF contains nine validity scales, which measure random and fixed all-true or all-false responding, as well as over-or under-reporting. The test also contains 42 substantive scales that assess personality and psychopathology. MMPI-2-RF scores have been shown to be reliable and valid when used in bariatric surgery settings (Marek et al., 2013; Tarescavage et al., 2013) and comparison group data for bariatric surgery patients are available .
Procedures
MMPI-2-RF scales scores, patient demographics, and exercise behavior information were collected during the standard pre-surgical evaluation by a doctoral level clinical psychologist. This information was coded via a retrospective chart review by trained research assistants. To maintain consistency and reduce errors, all coded data were double entered. The research assistants achieved an average inter-rater reliability statistic of .96 (range .81-1.00). The use of patient information for research purposes was approved by both the Cleveland Clinic and Kent State University's Institutional Review Boards.
Results
Descriptive Findings and Correlations
To examine our hypotheses, point-biserial bivariate correlations between preoperative regular exercise and MMPI-2-RF scales were first examined. Only correlations above .15 were considered meaningful for interpretation. Although .20 is the traditional criterion for clinical samples (Anastasi & Urbina, 1997) , bariatric surgery candidates are more likely to minimize psychological distress during pre-surgical evaluation to be recommended for surgery (Ambwani et al., 2013) . This minimization results in range restriction and lower scale scores, as well as attenuated correlations with external criteria, justifying the use of lower thresholds to interpret correlations (Marek et al., 2015) .
Means and SD for all MMPI-2-RF scale scores in the study, as well as correlations between regular exercise and MMPI-2-RF scales, are presented for the full sample (N = 1170) in Table 1 . As hypothesized, higher scores on RC2 and MLS were associated with lack of a regular exercise program. EID, RCd, RC7, NFC, SFD, STW, and AXY were not meaningfully associated with regular exercise as hypothesized.
Logistic Regression
A logistic regression analysis was next performed to examine the joint prediction of exercise behavior by RC2 and MLS. These MMPI-2-RF scales were chosen because they emerged as significant in the correlational analyses. We therefore wanted to determine their independent contribution to the prediction of likelihood of engaging in regular exercise. The overall model was statistically significant (χ 2 = 42.09, p < .001). However, only MLS was a significant, unique predictor (p < .001), whereas RC2 was marginally significant (p = .085).
Relative Risk Ratios
Lastly, we utilized relative risk ratios (RRRs) to quantify the risk of not engaging in a regular pre-surgical exercise program associated with various MMPI-2-RF scores. MMPI-2-RF T-scores were dichotomized using the traditional cutoff of 65T, as well as cutoffs of 60T and 55T. We examined these lower cutoffs because of the restricted range of scores in this setting discussed earlier. Further, past research has supported the use of lower MMPI-2-RF scale score cutoffs for enhanced predictive validity in other studies of bariatric surgery candidates Tarescavage, Wygant, Boutacoff, & Ben-Porath, 2013) .
RRRs for hypothesized MMPI-2-RF scales are also presented in Table 1 . To orient the reader to the analyses, the selection ratio (SR) represents the percentage of individuals who produced clinically elevated scores above the designated cutoff level. Only scale score cutoffs with SRs ranging from 2 to 30% were calculated and included to reduce the likelihood of obtaining results affected by outliers or false (Andrade, 2015; Streiner, 1998) . Because the RRR's 95% confidence interval (CI 1.04, 1.31) does not overlap with the value of 1.0, the finding is statistically significant (Andrade, 2015; Bewick, Cheek, & Ball, 2004) . A CI that includes 1.0 in its range indicates the possibility that there is an equal risk of not exercising between those producing elevations and those who do not, and therefore, we would fail to reject the null hypothesis that the risk is equal across the two groups (Andrade, 2015; Bewick et al., 2004) . It is important to note that the base rate of no exercise preoperatively in the current sample is approximately 50%, meaning the maximum possible value of the RRR is approximately 2. That is, even if all individuals who elevated a scale did not exercise, the maximum RRR we would achieve would be about 2.
Of the ten hypothesized associations, seven were significant. In support of our hypotheses, these RRR indicates that elevations on EID, RCd, RC2, HLP, NFC, STW, and AXY are associated with increased risk of lack of regular exercise preoperatively. For example, elevations on RC2 increase risk of lack of pre-surgical exercise by almost 22% and elevations on HLP increase this risk by 37%. Contrary to our hypotheses, associations between RC7 and SFD with increased risk of lack of exercise were not supported. Further, although elevations on MLS were significantly associated with increased risk of lack of regular exercise, the SR was outside the 2-30% range and these results were, therefore, not interpreted. Table 1 also includes results of our exploratory analyses on the other MMPI-2-RF substantive scales. In these exploratory analyses, we found statistically significant RRRs for elevations on the following scales: Thought Dysfunction ( Post hoc RRR analyses were conducted to explore the utility of scale elevation combinations of RC2 and MLS using cutoffs of 60T and 65T in the prediction of regular exercise. No RRR combinations could be calculated for cutoffs of 55T because this yielded out-of-range selection ratios. All calculated combinations of scale elevations yielded significant RRRs, ranging from 37 to 45% increased risk of lack of exercise (see Table 2 ). These estimates of risk were higher than when RC2 was utilized individually, Table 2 Relative risk ratios for combinations of low positive emotions and Malaise elevations n/c = not calculated; relative risk ratios were only calculated for scales and cutoffs with selection ratios ranging from 2 to 30% SR selection ratio, RRR relative risk ratio, CI confidence interval which ranged from 20 to 22% increased risk. Moreover, these analyses allowed the usage of MLS, for which RRRs could not be produced in original analyses. For example, an individual who produces a clinical elevation (65T or higher) on RC2 and an elevation of 60T or higher on MLS yields the highest estimate of risk, increasing the likelihood of lack of exercise by nearly 45%, while an elevation of 60T or higher on RC2 and 65T or higher on MLS increases risk of lack of exercise by 40%.
Discussion
The purpose of the present study was to investigate associations between MMPI-2-RF scores and regular exercise among bariatric surgery candidates. Specifically, we examined correlations between MMPI-2-RF scales and having a regular exercise program and then compared exercisers versus non-exercisers using relative risk ratio analyses of elevations above certain cutoffs on these scales. The results indicate that certain facets of internalizing psychopathology and somatic/cognitive complaints as measured by the MMPI-2-RF are associated with increased risk of non-exercising behavior preoperatively, as hypothesized. Of note, the associations in the RRR analyses were stronger than in the correlational analyses. As hypothesized, elevations on EID, as well as several scales in the EID domain, were associated with lack of regular exercise, which aligns with prior research indicating that internalizing psychopathology is associated with greater perceived barriers to PA (Schuch et al., 2017; Vancampfort et al., 2016) . For example, elevations on RCd led to nearly a 20% increase in risk of lack of pre-surgical exercise, as hypothesized. High scorers on RCd are often individuals who have poor self-esteem, feel discouraged, and are experiencing overall emotional discomfort , which are factors that may act as barriers to being motivated to engage in exercise. RC2 also differentiated exercisers from non-exercisers, with clinical elevations increasing an individual's risk of lack of pre-surgical sedentary behavior by nearly 20% and high scores on this scale being negatively correlated with regular exercise. Specifically, RC2 is associated with descriptors such as "sleepy" and "sluggish", which may impede exercise behaviors (Tellegen, 1985) .
Contrary to our hypotheses, RC7 did not differentiate exercisers from non-exercisers. However, the item content of RC7 is fairly broad in scope. Of note in this context, elevations on three RC7 scale facets (STW, AXY, and BRF) were significantly associated with lack of regular exercise, ranging from 16 to 19% increases in risk. High scorers on these scales are likely to worry about disappointments and time constraints, experience pervasive anxiety, and indicate fears that interfere with behavior, respectively. These findings coincide with research indicating that obese individuals often feel stigmatized for their weight, which may result in high self-consciousness and viewing PA in a public place as intimidating or uncomfortable (McIntosh et al., 2016; Wiklund, et al., 2011) .
The HLP and NFC scales, facets of RCd, were also predictive of preoperative lack of exercise. High scorers on HLP are likely to hold the belief that they are unable to solve their problems or accomplish their goals, which is complimented by high scores on NFC and associated beliefs that one is indecisive and inefficacious. These findings align with past research, indicating that feelings of helplessness/hopelessness due to previous failed weight loss attempts, low levels of control over weight loss outcomes, and lack of selfconfidence interfere with exercise behavior (King & Bond, 2013; Knapen et al., 2015; Piana et al., 2013; Thomas et al., 2008; Zabatiero et al., 2016) . Indeed, a clinical elevation at or above 65T on HLP was associated with a 37% increased risk of lack of preoperative exercise, which is the highest individual scale RRR observed in this study. Additionally, lack of self-efficacy consistently emerges as a correlate of sedentary behavior (Bandura, 2004; Trost, Owen, Bauman, Sallis, & Brown, 2002; Williams & French, 2011) , which supports our finding of a 19% increased risk of lack of PA when NFC is clinically elevated. Contrary to our hypotheses, SFD did not differentiate exercisers from non-exercisers.
Other scales in the emotional dysfunction domain that were unexpectedly predictive of increased risk of lack of regular exercise include SUI, SAV, and INTR-r. Individuals who score high on SUI are likely to report thoughts of suicidal ideation or a recent suicide attempt, which are highly comorbid with mood and anxiety disorders (Bronisch & Wittchen, 1994) . Therefore, high levels of emotional distress, reflected in SUI elevations, may act as a barrier to exercise (Bonnet et al., 2005) , which is supported by a 19% increase in sedentary behavior when clinical elevations on SUI occur.
As previously mentioned, obese individuals experience high levels of stigma, resulting in high self-consciousness and deterring these individuals from exercising in a public place (McIntosh et al., 2016; Wilund, Olsen, & Willen, 2011) . These findings may explain why elevations on INTR-r and SAV, scales associated with avoidance of social events, were associated with lack of exercise. Specifically, these associations may be driven by feelings of shame about one's weight and previous negative experiences with exercise, which have also been associated with avoidance of exercising in public (Groven & Engelsrud, 2010; King & Bond, 2013; Piana et al., 2013; Wiklund et al., 2011) .
Regarding somatic complaints, scores on MLS were meaningfully, negatively correlated with regular exercise as hypothesized. Again, RRRs could not be included for MLS independently because 77% of the sample scored 55T or higher on this scale. In support of these findings, bariatric surgery candidates have been found to report above-average scores on MLS in comparison with normative groups (Marek et al., 2013) . Relatedly, in exploratory analyses, elevations on COG differentiated exercisers from non-exercisers. Elevations on COG are associated with lack of energy and difficulties concentrating. Given that obesity is associated with a reduction in cognitive functioning, elevations on this scale may be associated with perceived cognitive barriers to exercise (Wang et al., 2016) . In sum, these findings align with research, indicating that bariatric candidates often experience high levels of fatigue, as well as bodily pain, chronic illness, and excessive strain on the body when exercising due to excess weight (Marek et al., 2013; Peacock et al., 2014; Zabatiero et al., 2016) . Further, bariatric surgery candidates often perceive that their weight and restricted movement capabilities, in general, act as a barrier to exercising (Marek et al., 2013; Zabatiero et al., 2016) .
Interestingly, elevations on both THD and RC3 were associated with greater risk of lack of regular preoperative exercise. Elevations on THD and lack of exercise may be explained by associations between thought dysfunction and unhealthy lifestyle behaviors in general (Brown, Birtwistle, Roe, & Thompson, 1999) . Finally, elevations on RC3 have been implicated in several physical and mental health problems, including chronic back pain, cardiovascular disease, and depression and anxiety (Tarescavage, Scheman, & BenPorath, 2014) .
Post hoc RRR analyses demonstrated the utility of RC2 and MLS scale combinations in predicting lack of regular exercise. These results indicate that individuals who endorse low energy and poor health, in combination with lack of positive emotions and anhedonia, are at the greatest risk of lack of exercise. These findings are particularly important because elevations on MLS alone could not be utilized in our original analyses owing to the high rate of individuals elevating this scale (Marek et al., 2013) . The combinations of elevations on these scales yielded the highest estimates of increased risk of lack of regular exercise (range 37-45%).
In terms of clinical implications, the results of our study indicate that the MMPI-2-RF can be used with improved effectiveness by clinical psychologists during pre-surgical evaluations of bariatric surgery candidates by providing useful information regarding the specific underlying causes associated with low levels of pre-surgical PA. Evaluations of MMPI-2-RF protocols by clinical psychologists in the preoperative phase may better help identify those who would benefit from interventions designed to target the underlying causes of their sedentary behavior, with aims of tailoring interventions to these causes to increase levels of PA prior to surgical interventions. For example, patients who are sedentary due to internalizing psychopathology may benefit from different exercise interventions than those who are sedentary because of somatic complaints. Exploring which interventions are best suited to an individual based on their underlying reasons for lack of exercise would be a fruitful avenue for future research. Lastly, identifying patients who are inactive and understanding why they are inactive is crucial, given that individuals who increase levels of exercise prior to surgery experience less surgical complications, greater weight loss outcomes, and more successful long-term weight maintenance than those who are physically inactive (Bond et al., 2010; Egberts, Brown, & Brennan, 2012; Freire, Borges, Alvarez-Leite, & Correia, 2012; King & Bond, 2013; King et al., 2008; McCullough et al., 2006) . Incorporating exercise interventions as a standard practice of care during pre-surgical evaluations is a timely topic, given that up to 41% of bariatric surgery patients have been found to be non-adherent to postsurgical PA recommendations (Elkins et al., 2005) .
One notable limitation of our study was our exercise measure. First, information on regular exercise was collected via self-report during the clinical interview and therefore was susceptible to "impression management" and/or inaccurate reporting (Ambwani et al., 2013) . In addition, the PA question was broad and did not account for frequency, duration, or type of exercise. Future research may implement more comprehensive self-report measures of exercise habits, as well as objective measures (e.g., accelerometers, pedometers) that can expand on the information collected in the current study. Along these same lines, it would be beneficial to explore different types of exercise as they relate to enhanced postsurgical outcomes. Finally, our measure of PA may have been susceptible to mood congruent memory bias, such that individuals reporting high scores on RCd, for example, may tend to focus on negative aspects of behavior as a result of their negative mood state. Although our sample size was large, all bariatric candidates were from the same setting. Additional research in multiple bariatric sites throughout the country would strengthen the generalizability of our findings.
Conclusions
Overall, these results indicate that several scales in the Emotional/Internalizing Dysfunction and Somatic/Cognitive Dysfunction domains of the MMPI-2-RF may indicate whether patients are at greater risk of preoperative lack of PA. These test results can be used by psychologists conducting bariatric pre-surgical evaluations to guide treatment recommendations and better assist candidates with pre-surgical PA behavioral modifications, which are a crucial component to optimal surgery outcomes and long-term weight loss maintenance (Bond et al., 2010; Egberts et al., 
